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Abstract
Shibor(Shanghai Interbank Offered Rate) is playing a more and more important role in Chinese bond
market, as one of the most widely used benchmark rate. In this thesis, we use a short-rate model for
the instantaneous risk-free spot rate, as well as the short-term spread between Shibor and risk-free rate.
By carefully introducing a deterministic shift, our model can fit to the initial term structure. Since we
only use Markovian process in our model, closed-form expressions for discounted value of Shibor-based
coupon payments are available, which allows us to implement the model easily in practice. Closed-form
expressions for the value of Shibor3M-based floating rate bond in China are also derived, and compared
to the real market price. We find that the model presented in this thesis can reproduce the price of
Shibor3M-based floating-rate bonds properly, especially after taking the liquidity risk into account.





1.1 Product and Payoff
1.1.1 Introduction of Shibor
The Shibor is an daily calculated reference rate based on the interest rates for unsecured funds lending
in the Shanghai interbank money market. It is calculated from rates quoted by 18 banks for tenors
ranging from overnight to one year. In Table 1.1, we list the Shibor with different maturities on Dec-
01-2016. China’s Central Bank has been trying to promote Shibor into a benchmark interest rate since
it was launched in 2007. In 2007, interest rate swap based on SHIBOR accounts for about 13% of the
total swaps. In 2008, the same ratio goes up by 22%. After 2009, all forward rate agreement is based
on Shibor. Moreover, many Shibor-based floating-rate bonds are issued after the launch of Shibor. As
China’s Libor, Shibor plays an important role during interest rate marketization in China.
Libor is very similar to Shibor, which is calculated by the British Bankers Association. Before the
financial crisis a few years ago, Libor rate was regarded as a risk-free rate, which was a common practice
at that time. After 2007, however, a basic relation that should hold true for risk-free rate was violated for
Libor. More specifically, we always expect risk-free rate to satisfy:




where F (t;T; T + ) is the discretely compounded forward rate, and p(t; T ) denotes the price of a
risk-free zero coupon bond price with maturity T. It is not surprising that this relation does not hold true
for Shibor as well. In Figure 1.1, we show that, during 2015, there is obvious discrepancy between the
forward Shibor L(T ;T + 3M;T + 6M) stripped from the Shibor3M-based interest rate swaps1 and the
standard spot replication calculated by using the ratio of the bond prices p(t; T ), as in (1.1). Here, p(t; T )
is calculated through the spot Shibor at time t L(t; t; T )
p(t; T ) =
1
1 + (T   t)L(t; t; T ) (1.2)
1Details about the way we implement this will be discussed in following parts.
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Terms O/N 1W 2W 1M 3M 6M 9M 1Y
Shibor(%) 2.3250 2.5020 2.6530 2.8930 3.0556 3.0771 3.0902 3.1600
Table 1.1: Shibor on Dec-01-2016
Figure 1.1: Discrepancy of
forward Shibor between the
standard spot replication
from (1.1) and the one
stripped from Shibor-based
IRS













Stipped from Shibor-based IRS
If Shibor were risk-free, the spread between forward rates implied by these two methods should be
negligible. However, the spread in Figure 1.1 indicates that Shibor is not a risk-free rate in the current
Chinese bond market, as similar to Libor/Euribor. This phenomenon is first noted by Morini (2009)[8],
where economical explanations are given for these spreads. In our thesis, we try to model the Shibor as
a sum of risk-free rate rt and a short-rate spread st, which will be discussed fully in later chapters.
1.1.2 Market Notation
In this section, we assume a frictionless market, which is free of arbitrage opportunities. We denote short




We denote the standard martingale measure as Q, under which all traded assets are (local) martingales
after being discounted by Bt as numéraire. Then the price of risk-free zero coupon bond p(t; T ) can be
generated as:
p(t; T ) = EQt [
Bt
BT
] = EQt [e
  R Tt rudu] (1.3)





] is aQ-martingale. By taking it as density function for an





; t 2 [0; T ] (1.4)
In this case, under the forward measure QT , the traded assets discounted by p(; T ) are martingales, and
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1.1.3 Shibor-based Floating Rate Bonds
A floating rate bond is a bond with variable coupon, which is based on the sum of a fixed quoted spread
and a floating benchmark rate, Shibor in our case. In other words, it offers to its holder a stream of future
payments, depending on the reference floating rate in the future. We denote by 0  T0 < T1 <    < Tn
a discrete tenor structure with a fixed = Tk Tk 1 and byN the face value. If the quoted spread is zero,
the coupon payments at time Tk can be expressed as NL(Tk 1;Tk 1; Tk) , where L(Tk 1;Tk 1; Tk)
is the spot Shibor at Tk 1 for the period [Tk 1; Tk] with k = 1; : : : ; n. In Table 1.2, we list the general
information of a typical Shibor-based floating-rate bonds, including the issuance dates, expiration dates,
redemption dates, and the spread. If we define the forward Shibor as
L(t;T; T +) := EQ
T+
t [L(T ;T; T +)];
according to the definition, the present value of a frictionless floating rate bond at time t  T0 is given
by









Np(t; Tk)L(t;Tk 1; Tk) +Np(t; Tn)
(1.6)
Obviously, the key to pricing frictionless Shibor-based floating rate bond is the forward ShiborL(t;Tk 1; Tk).
If Shibor were risk-free rate, we have L(t;Tk 1; Tk) =
p(t;Tk 1)
p(t;Tk)
, and the price of Shibor-based floating
rate bond is given by
P float(t; Tn) =
nX
k=1








  1] +Np(t; Tn)
= Np(t; T0)
(1.7)
(1.7) indicates that if the benchmark floating rate were risk-free, the value of the corresponding bond is
worth par right after each coupon payment day, i.e. pfloat(Tk; Tn) = N .
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Figure 1.2: Closed Market Mid Curves for Shibor3M-based IRS
Maturity  (Year)

























1.1.4 Shibor-Based Interest Rate Swaps
Another important Shibor-related product in Chinese bond market is Shibor-based interest rate swap.
In general, interest rate swap is a liquid financial derivative instrument between two parties, in which
a stream of floating rate based future payments is exchanged for a fixed one. In China, the floating
reference rate is often taken to be the Shibor. The swap is started at time T0  0, and a series of payment
dates are denoted by T1 < T2 <    < Tn, where Tk   Tk 1 =  is fixed for all k = 1; 2; : : : n.
In a payer swap, the fixed rate coupon is paid and the floating rate coupon is received. Otherwise,
the swap is called a receiver swap. Therefore, the value of the payer swap based on Shibor3M rate
L(T ;T; T + 3M) at time t is given by





t [L(Tk 1;Tk 1; Tk) R] (1.8)
Recall that we define the forward Shibor as L(t;T; S) := EQ
S
t [L(T ;T; S)]. Therefore, (1.8) can be
written as
PSwap(t;T0; Tn; R;N) = N
nX
k=1
p(t; Tk)[L(t;Tk 1; Tk) R] (1.9)
The swap rate R(t;T0; Tn) in a frictionless market should be the rate that makes the value of the swap
equal to zero, which can be easily calculated by setting PSwap(t;T0; Tn; R;N) = 0 in (1.8). Therefore,
we have the following equation
R(t;T0; Tn) =
Pn
k=1 p(t; Tk)L(t;Tk 1; Tk)Pn
k=1 p(t; Tk)
(1.10)
Figure 1.2 graphs the closed market mid price for Shibor3M-based IRS on three different dates. No-
tice that (1.10) allows we to strip the forward Shibor L(t;T; T + ) from the market swap rates
R(t;T0; Tk)1kn, once we can find the risk-free zero coupon bond price p(t; T ). In fact, by a sim-









On top of Shibor’s popularity in the financial industry, Shibor has also drawn much academic atten-
tion. Ma, Liu, and Lan (2014)[7] investigate the term structure of Shibor with the two-factor Vasicek
model, where principle component analysis (PCA) is used to calibrate the coefficients involved. Zhang
(2014)[13] uses single-factor short rate model to analyze the dynamics of Shanghai Interbank Offered
Rate, where they focus on maximum likelihood estimation for Merton models and CIR models. Li and
He (2009)[10] apply time series theories, such as TARCH, GARCH and PARCH model, to investigate
the term structure of Shibor.
However, few attention has been paid to pricing Shibor-based floating-rate bonds in China. A typical
Shibor-based floating rate bond in Chinese bond market is a debt instrument with the variable benchmark
rate to be 5 day average of Shibor3M rate. In this thesis, we follow the short-rate models given in the
book of Grbac and Runggaldier (2015)[3], where post-crisis dual curve modeling are concerned. Here,
dual curve discounting refers to the practice of projecting the cash flows by one interest rate and discount
them by another. Actually, the short-rate approach in the dual curve setting is firstly introduced by
Kenyon (2010) [5], where the risk-free zero-coupon bond price p(t; T ) is modeled as:
p(t; T ) := EQt [
Bt
BT
] = EQt [e
  R Tt rudu]
and the forward Shibor as:







where the fictitious bond price p(t; T ) are defined by
p(t; T ) := EQt [
Bt
BT




where rt and st are two mean reverting process. st here stands for the spread process. According to
the definition, L(t;T; T + ) = EQ
T+
t [L(T ;T; T + )] should be a QT+-martingale. However,
the definition in (1.12) does not necessarily give a QT+-martingale, which means the model is not
arbitrage-free. Morino and Runggaldier (2014)[9] bring a model similar to Kenyon’s model, with one
common Vasicek process 1 and two idiosyncratic CIR processes 2; 3, all independent:
rt = 1 + 2; st = k1 + 3
Instead of defining the forward Libor rate, they only use the fictitious bond price p(t; T ) to define the
spot Libor as:




In this case, the forward Libor rate can be generated as a QT+-martingale:
L(t;Tk 1; Tk) = EQ
Tk
t fL(Tk 1;Tk 1; Tk)g;
which means that this model is arbitrage free. In their model, however, the initial term structures T !
p(0; T ) and T ! L(0;T; T + ) are outcomes of the model, instead of inputs of the model, as they
should be in order to fit the initial term structures. In order to solve this problem, Grasselli and Miglietta
(2016)[2] introduce deterministic shifts in the risk-free rate rt and the short-term spread st, respectively.
As shown in their thesis, the corresponding short-rate model can always fit to the initial term structures
with some properly chosen deterministic shifts.
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1.3 Contribution of Our Thesis
Our article gives a simple short-rate approach to modeling the forward Shibor in Chinese bond market.
We base ourselves on the model given by Grbac and Runggaldier (2015). Instead of using Vasicek model
for risk-free rate in their book, we choose to use Hull-White model to model rt, which makes sure that our
model fits to the initial term structures for risk-free rate. We will then apply the short-rate model to price
the Shibor3M-based floating-rate bonds. Closed-from valuation expressions for present value of future
Shibor-based coupon payment and Shibor-based floating-rate bonds will be derived, as a result of the
fact that all the involved stochastic process are markovian process. We also incorporate the deterministic
shift technique brought by the paper from Grasselli and Miglietta (2016), which allows us to make our
model fit to the initial term structure of Shibor-rate, which is stripped from the Shibor3M interest rate
swap rates. In addition, the closed form expressions also allows us to apply the liquidity adjustment
easily, based on the framework brought by Cui, Dai, Xu and Kou (2016)[12].
We show that the discounted valuation function of Shibor-based coupon payments is always an in-
creasing function of short-term spread st in our model. We also investigate the relationship between the
discounted value of Shibor-based coupon payments and the spot risk-free rate, as well as the correlation
intensity parameter k involved. By the empirical pricing test, we suggest that the model is effective in
reproducing the market price, especially after we take the liquidity risk into account.
The rest of this thesis proceeds as follows. In chapter 2, we quickly review some technical preliminar-
ies about the short-rate models, which will be used heavily later. In chapter 3, we derive the model and
apply it to value a Shibor-based floating rate bond in a frictionless market. After that, we also give the
explicit expression for the liquidity adjusted floating rate bond price. In chapter 4 we test the model with
a certain Shibor3M-based floating rate bond and check the empirical pricing performance. In chapter 5,




In this chapter, we shall have a quick review for the short-rate models used in this thesis. In a short-
rate model, the future evolution of interest rates are described through characterizing the evolution of
instantaneous spot rate. For example, in a short-rate model, the stochastic state variables is taken to be
the instantaneous risk-free rate rt for describing the evolution of risk-free rate. In this thesis, we use
Hull-White model for risk-free rate, and CIR model for the short-term spread. Here, we quickly review
some well known results of these two models. Proof for the lemma below can be found in the book of
Lamberton and Lapeyre (2007)[6], as well as many other textbooks about stochastic calculus.
2.1 CIR Model
The Cox Ingersoll Ross(CIR) model describes the evolution of short term interest rates by an one
factor model. As an extension of the Vasicek model, CIR model is first introduced by Cox, Ingersoll
and Ross (1985) [1], which assumes that the short term interest rate follows the following stochastic
differential equation:
dst = (a  bst)dt+ pstdWt
where a; b;  are constants, andWt is a Weiner process. It is a mean-reverting model, and stays positive
if 2a  2.
Lemma 2.1.1. Consider a CIR type process
dst = (a  bst)dt+ pstdWt




sudu KsT )g = exp[As(t; T ) Bs(t; T )st] (2.1)
where, the coefficients As(; ) and Bs(; ) only depend on fa; b; ; ;Kg
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Bs(t; T ; a; b; ; ;K) =
K(e(T t)h(h  b) + h+ b) + 2(e(T t)h   1)
K2(e(T t)h   1) + h  b+ e(T t)h(h+ b) (2.2)
As(t; T ; a; b; ; ;K) =  a
Z T
t













The first Hull-White model is introduced by John C. Hull and Alan White in 1990 [4], which is still pop-
ular nowadays. Hull and White extend the Vasicek model in the sense that a time-dependent parameter
t is incorporated
drt = (t   art)dt+ dWt (2.4)
where t is a deterministic function, a,  are constants, andWt is a Winer process. First, we recall some
well known results about this model. Before we go further with this model, we have to mention the
Vasicek model first.
Lemma 2.2.1. Consider the Vasicek type process xt
dxt = (a  bxt)dt+ dWt




xudu KxT )g = exp[Ax(t; T ) Bx(t; T )xt] (2.5)
where the coefficients Ax(; ) and Bx(; ) only depend on fa; b; ; ;Kg, and are given by8>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>:






+ 1)e b(T t)   1









=  a(   bK)e
b(t T ) + b(K + (T   t))  
b2
+ 2
b2K2   (   bK)2e2b(t T )   4(bK   r)eb(t T )
4b3
+ 2
2bK   2br2t+ 2b2T   32
4b3
(2.6)
Lemma 2.2.2. Consider the Hull-White type process
drt = (t   art)dt+ dWt




rsds)] = exp[Ah(t; T ) Bh(t; T )rt] (2.7)
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where the coefficients satisfy8>><>>:
Bh(t; T ; (); a; ) = 1
a
(1  e a(T t))
Ah(t; T ; (); a; ) =  
Z T
t
(s)Bh(s; T ; ; a; )ds+
2
2a2








As well known, the time-dependent parameter t can be identified from the standard technique of yield
curve fitting. Recall that the forward rate is given by
f(0; T ) =   @
@T
ln p(0; T ) (2.9)
We have
  ln p(0; T ) =  A(0; T ) + r0B(0; T )
where A(0; T ) and B(0; T ) is the coefficients given in Lemma 2.2.2. By substituting p(0; T ) in (2.9),
we get:
f(0; T ) =
Z T
0
(s)B0T (s; T )ds 
2
2a
B(0; T ) +
2
2a
B(0; T )B0T (0; T ) +B
0
T (0; T )r0 (2.10)
Differentiating w.r.t. T, we get:





TT (s; T )ds 
2
2a




[(B0T (0; T ))
2 +B(0; T )B00TT (0; T )] +B
00
TT (0; T )r0








Notice that, in (2.11), we need differentiated term structure @T f(0; T ) to determine t, which may am-
plify error from observation. Indeed, we can get the zero-coupon bond price only with f(0; T ), if we
decompose rt into rt = x(t) + (t), where (t) is deterministic and x(t) solves
dx(t) =  ax(t)dt+ dWt; x(0) = 0: (2.12)
which is a Vasicek type process, and (t) thus satisfies(









By simple calculation, we get (t) = f(0; t) + 
2
2a2
(1  e at)2, and p(t; T ) can be expressed through
p(t; T ) = Et[exp( 
Z T
t
a(s) + x(s)ds)] (2.14)
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Proposition 2.2.3. Consider the Hull-White type process
drt = (t   art)dt+ dWt













where the coefficients satisfy 8>><>>:









and the Ax(t; T ; p1; p2; p3; ;K) and Bx(t; T ; p1; p2; p3; ;K) are the coefficients given in lemma 2.2.1
with the original parameters a; b;  replaced by p1; p2 and p3.












Since x(t) is a Vasicek process with x(0) = 0; ax = 0; bx = a, and x = , the first term in (2.16) can




xudu KxT )g = exp

Ax(t; T ; 0; a; ; ;K)  x(t)Bx(t; T ; 0; a; ; ;K)

(2.17)
where x(t) = r(t)   a(t) = r(t)   f(0; t)   2
2a2
(1   e at)2, and Ax(t; T ; p1; p2; p3; ;K) and




itself is a deterministic function, and we leave it untouched here.
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Chapter 3
Pricing Shibor-based Floating-Rate Bond
In this Chapter, we shall use the short-rate model to derive valuation expressions for Shibor-based
floating-rate coupon payments in a frictionless market. The present value of a floating-rate bond can
then be calculated by the sum of discounted values of the floating-rate coupon payments and the dis-
counted value of the terminal principal payment.
3.1 Model for Shibor
3.1.1 The Model
In this section, we base ourselves on the models discussed in last chapter, and incorporate the determin-
istic shifts in the model from Grasselli and Miglietta (2016), in an attempt to make our model fit to the
initial term structure of the Shibor. We consider the risk-free short rate rt and an independent short rate
spread st. We assume that the spot risk-free rate is a Hull-White process
drt = (t   a1rt)dt+ 1dW 1t
then the price of risk-free zero-coupon bond is given by Lemma (2.2.2)
p(t; T ) = Et[exp( 
Z T
t
rsds)] = exp[Ar(t; T ) Br(t; T )rt] (3.1)
where the coefficients satisfy8>><>>:


















For the Shibor, we use t to represent the short-term spread between Shibor-rate and risk-free rate, which
incorporates all the risk among the interbank market, that affects the Shibor. More specificly, we assume
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that u = kru + su, and define the fictitious bond price as follows:












where su is a CIR process, and satisfies
dst = (a2   b2st)dt+ 2pstdW 2t ; (3.4)
and k 2 R represent the intensity of the correlation between the risk-free rate rt and the short-term
spread t.
Proposition 3.1.1. Under the assumptions above, the forward Shibor is given by








C(t; T ) =EQt [e




  R T+t rudu 1
p(T; T +)
]
Proof. According to the definition of forward Shibor, we have
L(t;T; T +) =EQ
T+










By the change of measure in (1.4), we get


























  R T+t rudu 1
p(T; T +)
]  1)
3.1.2 Calibration to The Initial Term Structure
As we have discussed, the initial term structure of forward Shibor is an output of the model currently.
However, in terms of application, it is always desirable that the model fits to the initial term structure.
Based on the method brought by Grasselli and Miglietta (2016), we solve the problem by adding a
deterministic shift (t) to t in order to match the initial term structures Lmarket(0;T; T +). Now we
define the calibrated short-term spread ct as
ct := t + (t) = krt + st + (t) (3.5)
where k 2 R represents the correlation intensity, st is still the CIR process defined in (3.4), and (t) is a
deterministic function.
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Proposition 3.1.2. The calibrated fictitious bond price pc(t; T ) and the calibrated forward ShiborLc(t;T; T+
) are given by the following equations





















Proof. From the definition of pc(t; T ), we directly write it as









(ru + u + (u))du]g (3.9)




On the other hand
Lc(t;T; T +) =EQ
T+
t [L
















































As proven in the paper of Grasselli and Miglietta (2016) for a similar case, the short rate model can
fit to the initial term structures by choosing proper deterministic shift functions. Here, we give the similar
condition for () to guarantee that our model also fits to the initial term structure Shibor.
Theorem 3.1.3. The model fits to initial forward Shibor term structure Lmarket(0;T; T + ), if (u)













Proof. Proposition (3.1.2) gives the modeled forward Shibor at time 0 as









If (u) satisfies (3.11), we can rewrite (3.12) as
Lc(0;T; T +) =
1

[1 + Lmarket(0;T; T +)  1] = Lmarket(0;T; T +) (3.13)




is uniquely determined by the initial
forward Shibor term structure, once we have the parametersA = fa1; 1; a2; b2; 2; kg. Even though we
can not identify the value of (), we can still implement the pricing procedure with exp   R T+T (u)du
itself.
3.2 Explicit Expression for Price of Shibor-based Floating-Rate
Bond
In this section, we derive explicit expression for price of Shibor3M-based floating-rate bond. We need
to mention that, in Chinese bond market, the benchmark floating rate is often set to be 5-day average













k) denotes the spot Shibor3M rate on i-th transaction day before Tk 1. In this case, the













All the following results can be generalized for this case. For the simplicity of documentation, we
only give the version for Shibor3M-based floating-rate bond. We first give the explicit expression for
discounted value of future coupon payments, and then derive the expression of Shibor3M-based floating
rate bond by adding up the present value of all future cash flows.
3.2.1 Explicit Expression of Present Value of the Coupons
Proposition 3.2.1. In our model, the present value of the coupon payment at time Tk is a function of
the spot short-term risk-free rate rt, short-term Shibor spread t, deterministic shift () and the initial
risk-free forward rate f(0; ). It is given by the following formula








A1 = As(Tk 1; Tk; a2; b2; 2; 1; 0)
B1 = Bs(Tk 1; Tk; a2; b2; 2; 1; 0)
A2 = Ax(Tk 1; Tk; 0; a1; 1; 1 + k; 0)
B2 = Bx(Tk 1; Tk; 0; a1; 1; 1 + k; 0)
A3 = Ax(Tk 1; Tk; 0; a1; 1; 1; 0)
B3 = Bx(Tk 1; Tk; 0; a1; 1; 1; 0)
A4 = Ax(t; Tk 1; 0; a1; 1; 1; B3  B2)
B4 = Bx(t; Tk 1; 0; a1; 1; 1; B3  B2)
A5 = As(t; Tk 1; a2; b2; 2; 0; B1)
B5 = Bs(t; Tk 1; a2; b2; 2; 0; B1)
A = A3 +A4 +A5
C = e

 R Tk 1t (u)du+R TkTk 1 k(u)du A1 A2+R TkTk 1 (u)du
(3.15)
and




x(t) = r(t)  (t)
s(t) = t   krt
the coefficients Ax; Bx; As; Bs; Ar; Br here are defined in the same way as in proposition 2.2.3, lemma
2.1.1, and (3.2), respectively.
Proof. The present value of the coupon payment at time Tk is given by the following formula



























   R TkTk 1(1 + k)ru + sudu
o (3.17)








   R TkTk 1(1 + k)ruduEQTk 1 exp    R TkTk 1 sudu
o
(3.18)








= exp[A1  B1s(Tk 1)] (3.19)
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where
A1 =As(Tk 1; Tk; a2; b2; 2;  = 1;K = 0)
B1 =Bs(Tk 1; Tk; a2; b2; 2;  = 1;K = 0)
(3.20)
If we decompose rt into rt = x(t) + (t) like we did in (2.13), where x(t) satisfies the following SDE
dxt =  a1x(t)dt+ 1dW 1t ; x(0) = 0
which is a Vasicek type process, and (t) thus satisfies(



























where A2 and B2 is given by the Ax; Bx defined proposition 2.2.3
A2 =Ax(Tk 1; Tk; 0; a1; 1; 1 + k; 0)
B2 =Bx(Tk 1; Tk; 0; a1; 1; 1 + k; 0)
(3.23)
Combining (3.19), (3.22) and (3.18), we can get
C(t; Tk 1)
= EQt




   R TkTk 1(1 + k)ruduEQTk 1 exp    R TkTk 1 sudu
o
= EQt
n e  R Tkt x(u)du













  R Tkt xudu+B2x(Tk 1)]EQt [eB1s(Tk 1)]
(3.24)
where C1 = exp
   R Tk 1t udu + R TkTk 1 k(u)du   A1   A2, which is a constant. The rest parts in
(3.24) can be solved easily by proposition 2.2.3 and lemma 2.1.1:
EQt [e

















A3 = Ax(Tk 1; Tk; 0; a1; 1; 1; 0)
B3 = Bx(Tk 1; Tk; 0; a1; 1; 1; 0)
A4 = Ax(t; Tk 1; 0; a1; 1; 1; B3  B2)
B4 = Bx(t; Tk 1; 0; a1; 1; 1; B3  B2)
A5 = As(t; Tk 1; a2; b2; 2; 0; B1)
B5 = Bs(t; Tk 1; a2; b2; 2; 0; B1)
(3.27)
The present value of the coupon payment at time Tk is therefore given by













Tk 1 (u)du   eAr(t;Tk) Br(t;Tk)rt ]
If we denote C = C1e
R Tk
Tk 1 (u)du, A = A3 +A4 +A5, we can get the formula given in the proposition.
The closed-form expression in Proposition 3.2.1 involves nothing more complicated than exponential
function, and depend on the parameters A = fa1; 1; a2; b2; 2; kg. Even though the coefficients are
defined recursively, it is relatively easy to program this expression to get the discounted present value of
Shibor-based coupon payment.
Proposition 3.2.1 indicates that @V@st =  DB5e s(t)B5 , where D > 0 does not vary with s(t). It
is easy to observe from the formula in lemma 2.1.1 that B1 = Bs(Tk 1; Tk; a2; b2; 2; 1; 0) > 0, and
B5 = Bs(t; Tk 1; a2; b2; 2; 0; B1). In fact, we have8>>><>>>:
B1 =
2(e(Tk Tk 1)h   1)
h  b2 + e(Tk Tk 1)h(h+ b2)
B5 =
 2B1b2
 B122(e(Tk 1 t)b2   1) + 2b2e(Tk 1 t)b2
(3.28)
This means that if B5 > 0 with the parameters given, the discounted value of the future Shibor-based
coupon payment is always an increasing function of the spread s(t). This is intuitive since the higher
the spread s(t) is, the bigger the expectation of the future Shibor will be. Figure 3.1 shows this property,
with the initial risk-free forward rate to be defined as f(0; t) = r0 + (1  e a1t)(0:25  r0).
When it comes to r(t), it is not easy to determine how will the discounted value change with respect
to r(t). This is mainly because r(t) plays two roles in the valuation of Shibor-based floating rate bond.
Specifically, an increase of r(t) result in a smaller discounted risk-free bond price p(t; T ), as well as a
higher forward Shibor L(t;T; T +). Figure 3.2 shows that, with the parameters given, an increase in rt
will decrease the discounted value of coupon payments with short maturities, and increase the discounted
value of long term coupon payments.
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Figure 3.1: Discounted value of Shibor-based coupon payment as a function of the maturity .The
parameters used are a1 = 12; 1 = 0:04; a2 = 0:02; b2 = 2; 2 = 0:01; 0 = 0:04; k = 0
Maturity











































=0.01 r0 =0.25, k=0
Figure 3.2: Discounted value of Shibor-based coupon payment for different r0. The parameters used
are a1 = 12; 1 = 0:04; a2 = 0:02; b2 = 2; 2 = 0:01; 0 = 0:04; k = 0
Maturity
































Figure 3.3: Discounted value of Shibor-based coupon payment for different correlation intensity k.
The parameters used are a1 = 12; 1 = 0:04; a2 = 0:02; b2 = 2; 2 = 0:01; 0 = 0:04; r0 = 0:025
Maturity































Figure 3.3 graphs the relationship between discounted value of coupon payment and the correlation
intensity parameter k. As shown, the effect of correlation intensity is quite significant. The discounted
value of the coupon payment with maturity 5y increase by 16 basis points as k increase from -0.03 to
0.03.
3.2.2 Explicit Expression for Shibor3M-based Floating Rate Bond
Since we have the present value of all future coupon payments according to proposition 3.2.1, we can
derive the explicit expression for Shibor3M-based floating rate bond now.





V (rt; t; f(0; ); (); Tk) +Np(t; Tn) (3.29)
where




=N [CeA x(t)B4 s(t)B5   eAr(t;Tk) Br(t;Tk)rt ]
(3.30)
all the coefficients here are defined in the same way as in Proposition 3.2.1.
Proof. The proposition can be easily derived by the combination of proposition 3.2.1 and (1.6).
3.2.3 Liquidity Risk
So far, we have only discussed the price of a floating rate bond under the assumption that there is no credit
or liquidity risk. Since the bond that we are considering is traded only once a week in some periods, we
have to take the liquidity risk involved into account. Here, we base ourselves on the framework brought
in Cui, Dai, Xu and Kou (2016), in order to take into account the liquidity risk, and model the liquidity





  R Tkt ru+huLudu]NL(t;Tk 1; Tk) +NEQt [e  R Tnt ru+huLudu] (3.31)
In this model, the risk-free rate short-term interest rt is replaced by the liquidity-adjusted short rate
process Rt = rt + htLt, where htLt is the risk-neutral mean loss rate. Since we don’t have enough
information to separately identify the hazard rate ht and the fractional loss Lt, we choose to model the
mean loss t = htLt by a deterministic function. More specifically, we approximate the t by a second
order polynomial function of t. Here, we also assume that t is stable in a short period, so that we can
calibrate the coefficients in the polynomial function by the recent price history on each pricing day. In


























=N [CeA x(t)B4 s(t)B5   eAr(t;Tk) Br(t;Tk)rt ]
(3.33)




4.1 Data and Calibration
In this section, we implement our model to price a specific Shibor3M-based floating rate bond. We first
choose a period, during which we would like to test our model. After that, we strip the forward Shibor
from Shibor3M IRS rates at the beginning of the pricing period, in order to make our model fit to the
initial term structure of T ! Lmarket(0;T; T + ). Then we calibrate the rest of parameters in our
model.
4.1.1 Stripping the forward Shibor from IRS
Recall that the forward Shibor is defined as:
L(t;Tk 1; Tk) := E
QTk
t [L(Tk 1;Tk 1; Tk)]
And the the price for a Shibor3M rate swap is given by:









p(t; Tk)[L(t;Tk 1; Tk) R] (4.2)
The swap rate R(t;T0; Tn) in a frictionless market should be the rate that makes the value of the swap






As discussed in (1.8), the market forward Shibor satisfies
L(t;Tj 1; Tj) =
Pk=j 1




From the linear system given by (4.4), we can get the forward Shibor Lmarket(0;T; T + ) implied


















C(0; T ) =EQt [e





where the coefficients A3; A4; A5; B4; B5 and C1 are given in Proposition 3.2.1.
Equation (4.5) indicates that we can derive the deterministic shift, once we have the parameters
A = fa1; 1; a2; b2; 2; kg, which are discussed in the following parts.
4.1.2 Calibration for Hull-White model
We obtain the daily risk free yield curve from Chinabond, and calculate the (s) and (s) from the yield













Notice that we also need to determine the a1 and 1 in the Hull-White model. According to the approach








std[log p(ti; ti +Mj)  log(p(ti 1; ti +Mj)
p(ti 1; ti)
)] pV arMj2 (4.7)
where Mj’s denotes the spectrum of maturities of the yields, std denotes standard deviation operator








We use the yield curve data from 2012-01-04 to 2015-07-04 to estimate a and , since we will implement
our model during the period from 2015-09-01 to 2016-09-30. The estimation we get is (a1; 1) =
(11:9542; 0:0375).
4.1.3 Calibration for Short-term Spread and Correlation Parameter k
Calibration of parameters for spread st can be done once we have calibrated the parameters (a1; 1) in











C(t; T ) =EQt [e





where the coefficientsA3; A4; A5; B4; B5 and C1 are given in Proposition 3.2.1. Equation (4.8) indicates
that L(t;Tk 1; Tk) is indeed a function of A = fa1; 1; a2; b2; 2; kg, according to Proposition 3.2.1 .
We can calibrate fa2; b2; 2; kg according to the past history of market forward Shibor Lmarket(s;T; T +
) by minimizing X
s;T
kL(s; s+ T; s+ T +)  Lmarket(s; s+ T; s+ T +)k2
where s 2 [S0;S1], which is before our pricing period, and T denotes different maturities for the
Shibor3M-based IRS. Based on the market data between 2014-01-04 and 2015-06-04, we get the fol-
lowing estimations k =  0:12; a2 = 0:025; b2 = 0:9021; 2 = 0:0137.
4.1.4 Calibration for Liquidity Intensity
After we have A = fa1; 1; a2; b2; 2; kg and the initial term structure modifier e
R T+
T (s)ds, we can
have the theoretical frictionless price of the corresponding floating rate bond by Proposition 3.2.2. Now






t uduV (rt; t; f(0; ); (); Tk) + e 
R Tn
t uduNp(t; Tn) (4.9)
where




=N [CeA x(t)B4 s(t)B5   eAr(t;Tk) Br(t;Tk)rt ]
(4.10)
We calibrate the coefficients  = f0; 1; 2g in the mean loss rate t = 0 + 1t + 2t2 by mini-
mizing differences between the modeled liquidity adjusted prices and the real prices in the previous 5





kP risk(T i; N)  Pmarket(T i; N)k2 (4.11)
4.2 Results
In this section, we use our model and the parameters given above to price a Shibor3M-5D based floating
rate bond (GK130217), which is one of the most frequently traded bond among Shibor-based floating
rate bonds, during the past year. Tabular 4.1 shows the general information about this bond, including
the issuers names, the face value, the issuance dates, the expiration dates, the payment frequency, the
total volume (in billion), etc.
The deterministic shift term is determined by the parameters A = fa1; 1; a2; b2; 2; kg and the
Shibor3M-IRS rates on 2015-08-28, which is the last trading day before our pricing period. In Figure
4.1, we plot the forward Shibor3M rates stripped from the Shibor3M IRS rates on 2015-08-28.
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Table 4.1: Bond Information. The data
are obtained from China Foreign Exchange









Benchmark Floating Rate Shibor3M-5D
Reset Frequency Quarterly
Spread(Bp) 19
Figure 4.1: Forward Shibor3M
rate Stripped from Shibor3M IRS
rates. The parameters used are
a1 = 11:9542; 1 = 0:0375; k =
 0:12; a2 = 0:025; b2 = 0:9021; 2 =
0:0137. The IRS rate is the closed





















Figure 4.2: (t) calibrated to the market date on 2015-08-28. The parameters used are a1 =
11:9542; 1 = 0:0375; k =  0:12; a2 = 0:025; b2 = 0:9021; 2 = 0:0137
Maturity









θ calibrated to the market data on 2015/08/28 
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Figure 4.3: Effect of calibration with  on the bond price The parameters used are a1 = 11:9542; 1 =
0:0375; a2 = 0:02; b2 = 2; 2 = 0:01; k =  0:12; a2 = 0:025; b2 = 0:9021; 2 = 0:0137





















Figure 4.4: Comparison between the modeled frictionless bond price and the price history of
GK130217
Date














As mentioned, we can only access exp(
R T+
T udu). On the other hand, if we assume that (u)
could be well approximated by 1
R T+
T udu, we would be able to plot the values of (u), which is
presented in Figure 4.2.
In Figure 4.3, we compare the frictionless bond price P (t;N) modeled with calibration to u and
the bond price modeled without calibration to u. As can be seen, without calibration to u, the modeled
bond price is significantly lower than the bond price implied by the market price of Shibor3M-IRS at
the beginning of our pricing period. This is mainly due to the fact that our parameters a2; b2; 2 are
calibrated through the past history of Lmarket(s;T; T +), which may not necessarily fit to the forward
Shibor3M rate in the current market.
Figure 4.4 graphs the modeled frictionless bond price P (t;N), as well as the history of the real
trading price of GK130217. The result is quite acceptable, since the frictionless bond price shares almost
the same trend of the real price, and the gap between the modeled price and the real price is quite stable
during the whole pricing period.
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Figure 4.5: Calibration to market price through Liquidity Adjustment
Date













Price after Liquidity Adjustment
Real Price
Price before Liquidity Adjustment
The last step is to calibrate the mean loss rate brought by the liquidity risk, as explained in section
4.1.4. Figure 4.5 shows that, to a large extent, the liquidity adjusted model is effective in reproducing





In this thesis, we use a short-rate model to price the Shibor3M-based floating-rate bonds, based on the
model given by Grbac and Runggaldier (2015). Closed-from valuation expressions for present value
of Shibor-based floating-rate bonds are derived, as a result of the fact that all the involved stochastic
process are markovian process. Our model can also fits to the initial term structure of Shibor, as long as
we carefully choose a deterministic shift t, which is first introduced by Grasselli and Miglietta (2016)
for a similar model. In addition, the closed form expressions also allow us to easily apply the liquidity
adjustment, which is based on the bond pricing framework brought by Cui, Dai, Xu and Kou (2016).
We show that, the discounted valuation function of Shibor-based coupon payments is always an
increasing function of short-term spread st in our model. We also investigate the relationship between the
discounted value of Shibor-based coupon payments and the spot risk-free rate, as well as the correlation
intensity parameter k involved. The empirical results suggest that, to a large extent, the model can
reproduce the market price well, especially after we take the liquidity risk into account.
We admit that our study is limited in several ways. For the ease of implementation, we assume
deterministic liquidity intensity. It would be more reasonable if we can use a stochastic intensity model,
as discussed in the original paper of Duffie and Singleton (1999). We also need to mention that, we use
a one factor Hull-White model for the risk-free rate, and a two factor model for short-term spread t in
this thesis. We can alternatively use two factor models for risk-free rate as well. In that case, another
deterministic shift can be added to make the new model still fit to the initial term structure for risk-free
rate. Finally, due to the lack of other Shibor-related products, we heavily rely on the price of Shibor3M-
IRS during the calibration procedure. Some missing data is estimated through spline interpolation. The
calibration would be done more accurately if we have access to more Shibor-based products, like basis
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A.1 Codes for calculating risk-free zero-coupon bond price
f unc t i on s s = ptT ( t , T , a , sg , e t a , yc )
pp ( 201 ) =exp ( newAtT ( e t a , a , sg , 0 , 0 . 05201  0 .05 ) yc ( 1 ) newBtT ( a
, 0 , 0 . 05201  0 .05 ) ) ;
i f T<0.05
s s =1 / ( yc ( 1 ) T+1) ;
end
i f T==10
s s =pp ( 201 ) ;
end
i f T<10
l b = f l o o r (T / 0 . 0 5 ) +1;
ub= l b +1;
n l b= l b 0 .05  0 .05 ;
nub=ub 0 .05  0 .05 ;
pp ( ub ) =exp ( newAtT ( e t a , a , sg , 0 , 0 . 0 5  ub 0.05) yc ( 1 ) newBtT ( a , 0 , 0 . 0 5  ub
 0.05) ) ;
pp ( l b ) =exp ( newAtT ( e t a , a , sg , 0 , 0 . 0 5  lb  0.05) yc ( 1 ) newBtT ( a , 0 , 0 . 0 5  lb
 0.05) ) ;
s s =(T n lb ) / ( nub n lb ) pp ( ub ) +( nub T) / ( nub n lb ) pp ( l b ) ;
end
end
A.2 Codes for calculating (t)
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f unc t i on s s = e t a ( f tT , a , sg )
s s = zeros ( 2 01 , 1 ) ;
f o r i =2:200
d e l t a =( i  1)  0 . 0 5 ;
s s ( i ) =( f t T ( i +1) f t T ( i  1) ) / 0 . 1 + a f t T ( i ) +sg ^ 2 / 2 / a(1 exp ( 2a d e l t a
) ) ;
end
s s ( 1 ) =( f t T ( i +1) f t T ( i ) ) / 0 . 0 5+ a f t T ( 1 ) ;
s s ( 201 ) =( f t T ( i ) f t T ( i  1) ) / 0 . 0 5+ a f t T ( 201 ) +sg ^ 2 / 2 / a(1 exp ( 2a
2000 .05 ) ) ;
s s = s s ;
end
A.3 Codes for stripping the forward Shibor from Shibor3M IRS
f unc t i on s s = g e n e r a t e fw s h i b o r ( shibor3mswap , a , sg , e t a , yc )
%s t r i p t h e d i s c o u n t cu rve from shibor3M IRS
mt =1 : 40 ;
mt =0 .2540 ;
sp=shibor3mswap ;
f = zero s ( 4 0 , 1 ) ;
s s = f ;
f o r i =1:40
sum=0;
f o r j =1 : i 1
sum=sum+( sp ( i ) f ( j ) )  ptT ( 0 , 0 . 2 5 j , a , sg , e t a , yc ) ;
end
f ( i ) =sum+sp ( i )  ptT ( 0 , 0 . 2 5 i , a , sg , e t a , yc ) ;
f ( i ) = f ( i ) / p tT ( 0 , 0 . 2 5 i , a , sg , e t a , yc ) ;
end
%f i s t h e forward r a t e ;
%i n t e r p o l a t i o n
%XX=0 . 2 5 : 0 . 0 2 5 : 1 0 ;
%YY=s p l i n e ( mt , f , XX) ;
s s = f ;
end
A.4 Codes for calculating C(t; T )
f unc t i on s s =c tT ( a lpha , e t a , asg_HW , absg_CIR , k , t , T , SP0 )
a1=asg_HW ( 1 ) ;
sg1=asg_HW ( 2 ) ;
a2=absg_CIR ( 1 ) ;
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b2=absg_CIR ( 2 ) ;
sg2=absg_CIR ( 3 ) ;
r0= a l ph a ( 1 ) ;
s0=SP0 (1+k )  r0 ;
A_r=newAtT ( e t a , a1 , sg1 , T , T+0 . 25 ) ;
B_r=newBtT ( a1 , T , T+0 . 25 ) ;
h= sqr t ( b2 ^2+2 sg2 ^2 ) ;
DD1=2hexp ( 0 . 5  0 . 2 5  ( h+b2 ) ) ;
DD2=h b2+exp ( h 0 . 2 5 )  ( h+b2 ) ;
A_s=2 a2 / sg2 ^2 l og (DD1/DD2) ;
D1=2 ( exp ( h 0 . 2 5 ) 1) ;
D2=h b2+exp ( h 0 . 2 5 )  ( h+b2 ) ;
B_s=D1 /D2 ;
A_r1k=newAtT ( ( 1+ k )  e t a , a1 , ( 1 + k )  sg1 , T , T+0 . 25 ) ;
%B_r1k i s euqa l t o B_r
A1=A_r A_s A_r1k ;
A=exp (A1) ;
p t t =HWformula ( a lpha , a1 , sg1 , t , T,1 , B_rk ) ;
Se=CIRformula ( a2 , b2 , sg2 , s0 , t , T,0 , B_s ) ;
A=A p t t Se ;
s s =A;
end
A.5 Codes for liquidity adjustment
f unc t i on s s = l q d p r i c i n g ( asg , k , para2 , shibor3Mswap , s p o t r a t e , c a l e nd e r ,
c a l e nde r 2 , SHIBOR3 , sp read , f i n a l p r i c e , SHIBOR1W)
a1=asg ( 1 ) ;
sg1=asg ( 2 ) ;
a2=pa r a2 ( 1 ) ;
b2=pa r a2 ( 2 ) ;
sg2=pa r a2 ( 3 ) ;
pppp= zero s ( 4 50 , 1 ) ;
lmd = [ 0 , 0 , 0 ] ;
f o r i =167:440
lmd= fm in s e a r c h (@obj , lmd , [ ] , k , i , f i n a l p r i c e , asg , para2 , shibor3Mswap ,
s p o t r a t e , c a l e nd e r , c a l e nd e r 2 , SHIBOR3 ,SHIBOR1W, sp r e a d ) ;
pppp ( i ) = s i n g l e p r i c i n g ( lmd , k , a1 , sg1 , a2 , b2 , sg2 , shibor3Mswap ( : , i ) ,
s p o t r a t e ( : , i ) , c a l e n d e r , c a l e n d e r 2 ( i ) ,SHIBOR1W( i ) ,SHIBOR3 , s p r e a d ) ;
end
s s =pppp ;
%lmd can be o u t p u t he re
end
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A.6 Codes for valuation of frictionless floating-rate bond
f unc t i on s s = s i n g l e p r i c i n g ( lmd , k , a1 , sg1 , a2 , b2 , sg2 , shibor3mswap ,
s p o t r a t e , c a l e nd e r , date , SHIBOR1W, s h i b o r a l l , s p r e a d )
aa0=lmd ( 1 ) ;
aa1=lmd ( 2 ) ;
aa2=lmd ( 3 ) ;
aa3=lmd ( 4 ) ;
asg_HW=[ a1 , sg1 ] ;
absg_CIR =[ a2 , b2 , sg2 ] ;
%f o r GK130217
paymen tda t e =[42285 , 42377 . 00 , 42468 . 00 , 42559 . 00 , 42651 . 00 , 42743 . 00 ,
. . . 4 2 8 33 . 0 0 , 4 2 924 . 0 0 , 4 3 016 . 0 0 , 4 3 108 . 0 0 , 4 3 198 . 0 0 , 4 3 289 . 0 0 , 4 3 381 . 0 0 ,
. . . 4 3 4 7 3 . 0 0 , 4 3 5 6 3 . 0 0 , 4 3 6 5 4 . 0 0 , 4 3 7 4 6 . 0 0 , 4 3 8 3 8 . 0 0 , 4 3 9 2 9 . 0 0 ] ;
paymen tda t e=x2mdate ( paymen tda t e ) ;
e x t r a p d =[735242 ,735332 ,735423 ,735515 ,735607 ,735697 ,
735788 ,735880 ,735972 ,736062 ,736153] ;
paymen tda t e =[ ex t r apd , paymen tda t e ] ;
s i z e o f p d = s i z e ( paymentda te , 2 ) ;
yc= s p o t r a t e ;
f t t = f t T ( yc ) ;
e t a a = e t a ( f t t , a1 , sg1 ) ;
a l ph= a l p h a t ( f t t , a1 , sg1 ) ;
XXXX=0 :0 . 25 : 10  0 . 25 ;
fwdsh i bo r = g e n e r a t e fw s h i b o r ( shibor3mswap , a1 , sg1 , e t a a , yc ) ;
r0=yc ( 1 ) ;
s0=SHIBOR1W (1+k )  r0 ;
sp=shibor3mswap ;
SP0=SHIBOR1W;
f o r i =1 : s i z e o f pd  1




j j j =1 ;
whi le j j j <=957
i f c a l e n d e r ( j j j ) <=paymen tda t e ( i ) && c a l e n d e r ( j j j +1)>paymen tda t e ( i )
sbavg= s h i b o r a l l ( j j j ) + s h i b o r a l l ( j j j  1)+ s h i b o r a l l ( j j j  2)+ s h i b o r a l l ( j j j
 3)+ s h i b o r a l l ( j j j  4) ;
l i bo rknown =0.2 sbavg ;
break ;
end
j j j = j j j +1 ;
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end
sh iborknown= l ibo rknown ;
pay t ime=paymen tda t e ( 1 , i +1 : s i z e o f p d ) ;
mt=payt ime date ;
numofp= s i z e ( mt , 2 ) ;
sum=0;
f o r i =1 : numofp
vb =0;
i f i ==1
vb =1+0.25 sh iborknown ;
TTT=mt ( 1 ) / 3 6 0 ;
sum=sum+( vb 1+sp r e a d 0 . 2 5 ) 100mt ( 1 ) /90 i n t t t ( lmd , TTT) ;
end
i f i >1
TT=mt ( i  1) / 3 6 0 ;
vb=c tT ( a lph , e t a a , asg_HW , absg_CIR , k , 0 , TT , SP0 ) ;
vb=vb / ptT ( 0 ,TT+0 .25 , a1 , sg1 , e t a a , yc ) ;
%F i t t i n g t h e i n i t i a l t erm s t r u c u t r e s
g l oba l a lph0 , yc0 , fwdsh ibor0 , SP00 , e t a a 0 ;
vb=vb t h e t a b a r (TT , fwdsh ibo r0 , a lph0 , e t a a0 , yc0 , asg_HW , absg_CIR , k
, SP00 ) ;
TTT=TT+0 . 2 5 ;
sum=sum+( vb 1+sp r e a d 0 . 2 5 ) 100 ptT ( 0 ,TTT , a1 , sg1 , e t a a , yc ) 
i n t t t ( lmd , TTT) ;
end
end
lTT=mt ( numofp ) ;
sum=sum+100 ptT ( 0 , lTT / 360 , a1 , sg1 , e t a a , yc )  i n t t t ( lmd , lTT / 3 6 0 ) ;
s s =sum ;
end
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